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Abstract 

Aim: This study aimed to determine the correlation between pelvic inclinations and spinal alignment in children with cerebral palsy. 

Material and Methods: Sixty children with spastic cerebral palsy from both sexes, aged 5 to 10 years, only with grade 1 or 1+ on the Ashworth scale, who can 
stand independently without assistive devices level I, Il according to the Gross Motor Function Classification System (GMFCS)were selected. All children were 
assessed for measuring pelvic inclination using pelvic inclinometer and spinal alignment using radiological X-rays, and then measuringthe Cobb angle and 
correlation between the results. 

Results: There was a significant moderate positive correlation between the right anterior pelvic tilt and theLordotic Cobb’s angle (r = 0.314, p = 0.01) anda 
significant weak positive correlation between left anterior pelvic tilt and Lordotic Cobb angle (r = 0.268, p = 0.03). However; there was a moderate negative 
significant correlation between the right anterior pelvic tilt and kyphotic Cobb’s angle (r = -0.313, p = 0.01) and a significant weak negative correlation between 
left anterior pelvic tilt and kyphotic Cobb angle (r = -0.27, p = 0.03). 

Discussion: The extent of the lumbar Lordotic curve and the degree of pelvic inclination in a standing position are associated with the muscle lengths of the 
sagittal-plane pelvic rotators and the performance (strength) of the abdominal muscleswhich are affected in a patient with cerebral palsy (as they have weak- 
ness in core muscles). The rehabilitation program for children with cerebral palsy should include pelvic tilt correction and core stability exercise. 
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Introduction 

Cerebral Palsy (CP) is described as a group of disorders of 
the development of movement and posture, causing activity 
limitation due to non-progressive disturbances that occurred in 
the developing fetal or infant brain [1]. Spasticity is the most 
common motor disorder seen in CP defined as an abnormally 
increased resistance to externally imposed movement about 
a joint. Spasticity causes hypertonia that increases with 
increasing velocity of movement or causes a spastic catch. It 
can affect the entire body, including the trunk, face, and neck. 
It tends to be worse in the lower limbs in those with bilateral 
involvement, and in the upper limbs in those with unilateral 
involvement [2]. Alignment to anatomical landmarks of the 
pelvis, most commonly the anterior superior iliac spines and 
the pelvic symphysis defines the anterior pelvic plane. The 
orientation of the anterior pelvic plane can differ considerably 
in the standing or lying position with respect to the frontal 
plane. This difference is defined as pelvic inclination. Zero pelvic 
inclination occurs when the anterior pelvic plane is parallel 
to the frontal plane [3]. An inclinometer is a methodwhich 
was introduced for measurement of pelvic tilt of the anterior 
plane. These authors constructed an inclinometer that could 
be pressed firmly against the anterior pelvic spines and the 
symphysis [3]. Children with CP have an increased risk of 
developing scoliosis compared to other patient populations. 
Muscle weakness, truncal imbalance, and asymmetric tone 
in paraspinal muscles have long been implicated in the onset 
of scoliosis in CP, but there is little literature to support this 
theory [4]. The prevalence of spinal deformities in patients with 
cerebral palsy ranges from 10% of ambulatory patients with 
spastic hemiplegia to 65% of those with spastic quadriplegia 
[5]. Neuromuscular scoliosis that occurs in CP is typically a 
C-shaped curve that is often kyphoscoliotic and associated with 
pelvic obliquity [4]. 

In the standing position, with the pelvis held in an anteriorly 
tilted position, the spinal column rests on the sacrum. The 
superior surface of the sacrum slopes forward. This is described 
as the “base angle” of the lumbar spine - the angle between 
the plane through the L5-S1 interspace and the horizontal. 
The greater the base angle, the more pronounced the lumbar 
lordosis [6]. 

Right anterior pelvic tilt is measured by using the pelvic 
inclinometer from the anterior superior iliac spine (ASIS) to the 
posterior superior iliac spine on (PSIS) on the right side, and 
also the left anterior pelvic tilt is measured from the ASIS to 
the PSIS on the left side. 


Material and Methods 

This study was carried out on 60 childrenof both sexes with 
spastic cerebral palsy, aged 5 to 10 years, who were selected 
from the Outpatient clinic of Cairo university hospitals, Egypt 
(30 children with spastic hemiplegia, 30 children with spastic 
Diplegia). They were enrolled and assessed for their eligibility 
to participate in the study, as they were selected only with 
grade 1 or 1+ on the modified Ashworth scale and can stand 
independently without assistive devices level |, Il in Gross 
Motor Function Classification System (GMFCS). The children 
were excluded if they had moderate or severe mental ability 


or if they had taken a Botox injection in the last 6 months or 
underwent orthopedic surgeries in the last 2 years. All children 
were assessed for pelvic inclination using pelvic inclinometer 
and for spinal alignment using radiological X-rays. 

Ethical consideration 

This study was approved by Cairo University Research Ethical 
Committee and written informed consent was obtained from 
the parents to participate in this study. 

Measurement of pelvic tilting: 

In a standing position, the child was asked to take the most 
erect position as much as possible, and stand barefoot, and 
with the hand-held pelvic inclinometer, pelvic inclinationcould 
be measuredby determining the angle formed by a horizontal 
line drawn between the anterior superior iliac spine (ASIS) and 
the posterior superior iliac spine (PSIS). Each measurement 
was repeated two or three times so that the reliability of the 
measurements could be determined [7]. 

Measurement of Cobb’s angle: 

For the lateral view, the child was asked to take the most 
erect position as much as possible, looking straight ahead 
with shoulders flexed and hands placedforward. This keeps the 
upper extremities from being superimposed over the spine on 
the lateral view. The most commonly used and most accurate 
measurement of spinal curvature is the Cobb angle. It is 
obtained by measuring the maximal angle from the superior 
endplate of the superior-end vertebra to the inferior endplate of 
the inferior- end vertebra. If endplates are difficult to visualize, 
the borders of the pedicles may be used. The measurements 
obtained using this method should be precise and reproducible 
[8]. 

Statistical analysis: 

Descriptive statistics were utilized in presenting the subjects 
demographic and clinical data. Quantitative variables were 
summarized using mean and standard deviation while 
categorical variables were summarized using frequencies and 
percentage. Pearson Correlation Coefficient was conducted 
to determine the correlation between pelvic tilt, lordotic Cobb 
angle and kyphotic Cobb angle. The level of significance for all 
statistical tests was set at p < 0.05. All statistical measures 
were performed through the statistical package for social 
sciences (SPSS) version 25 for Windows. 


Results 

Subjects characteristics: 

Sixty children with CP participated in this study. Participant 
characteristics are presented in Table 1. Twenty (33.3%) 
subjects had right-sided hemiplegia, 10 (16.7%) had left-side 
hemiplegia and 30 (50%) had Diplegia. Spasticity ranged from 
grade | to grade I+ and 47 (78.3%) subjects had grade | GMFCS 
and 13 (21.7%) had grade Il. 

Lordotic Cobb angle, kyphotic Cobb angle, right and left 
anterior pelvic tilt angles in the study group 

The mean + SD Lordotic cobb angle in the study group was 
36.03 + 14.67 degrees and kyphotic Cobb angle was 42.68 + 
13.77 degrees. The mean + SD anterior pelvic tilt angle on the 
right side was 12.25 + 5.39 degrees and that on the left side 
was 13.2 + 5.41 degrees. 
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Correlation between pelvic tilt, Lordotic Cobb’s angle and 
kyphotic Cobb’s angle in the study group 

There was a significant moderate positive correlation between 
right anterior pelvic tilt andLordotic Cobb angle (r = 0.314, p = 
0.01) and a significant weak positive correlation between left 
anterior pelvic tilt and Lordotic Cobb angle (r = 0.268, p = 0.03). 
However, there was a moderate negative significant correlation 
between right anterior pelvic tilt and kyphotic Cobb’s angle (r = 
-0.313, p = 0.01) and a significant weak negative correlation 
between left anterior pelvic tilt and kyphotic Cobb angle (r = 
-0.27, p = 0.03) (Table 3, Figures 1-4). 


Table 1. Participant characteristics 


Study group 


Age, mean + (SD), (years) 6.78 + 1.76 
Weight, mean + (SD), (kg) 39.8 + 14.64 
Height, mean + (SD), (cm) 128.13 + 7.66 
Sex, N (%) 

Females 30 (50%) 
Males 30 (50%) 
Diagnosis, N (%) 

Rt Hemiplegia 20 (33.3%) 
Lt Hemiplegia 10 (16.7%) 
Diplegia 30 (50%) 
GMFCS, N (%) 

Grade | AT (78.3%) 
Grade II 13 (21.7%) 
Modified Ashworth scale, N (%) 

Grade | 47 (78.3%) 
Grade I+ 13 (21.7%) 


SD: Standard deviation; GMFCS: Gross motor function classification system 


Table 2. Mean Lordotic Cobb angle, kyphotic Cobb angle, Right 
and left anterior pelvic tilt anglesin the study group 


Study group 


Mean + SD Minimum Maximum 
Lordotic cobb angle (degrees) 36.03 + 14.67 7 68 
Kyphotic cobb angle (degrees) 42.68 + 13.77 16 77 
Rt anterior pelvic tilt angle (degrees) 12.25 + 5.39 3 25 
Lt anterior pelvic tilt angle (degrees) 13.2 +5.41 5 25 


SD: Standard deviation 


Table 3. Correlation between pelvic tilt, Lordotic Cobb angle 
and kyphotic Cobb angle in the study group 


Rt anterior pelvic tilt 
angle (degrees) 


Lt anterior pelvic 
tilt angle (degrees) 


Lordotic Cobb angle (degrees) 0.314 0.01 0.268 0.03 


Kyphotic Cobb angle (degrees) -0.513 0.01 -0.27 0.03 


r- value, Pearson correlation coefficient value; p- value, probability value 


Discussion 

The pelvis in the sagittal plane is commonly analyzed using 3 
angular measurements: pelvic tilt, pelvic incidence, and sacral 
slope [9]. 

Pelvic tilt is defined by the line through midpointof the sacral 
plate and midpoint of the femoral heads axis, and the vertical 
“pelvic incidence”, which was defined as the angle between the 
line perpendicular to the sacral plate at its midpoint, and the 
line connecting this point with the axis of the femoral heads 
[10]. Sacral slope is defined as the angle between the horizontal 
and the sacral plate. It is hypothesized that the increased sacral 
slope creates greater lumbosacral lordosis [11]. 

It is a fact that the spine rests on top of the pelvis. It is 
unavoidable, therefore, that anything that affects the posture 
or stability of the pelvis of an upright human will also affect 
the spine. This applies to many postures and movements, 
although the standing and sitting postures are of most interest 
to ergonomists [12]. 

According to scientific studies, in a standing position with the 
pelvis held in an anteriorly tilted position, the spinal column 
rests on the sacrum. The superior surface of the sacrum 
slopes forward. This is described as the “base angle” of the 
lumbar spine - the angle between the plane through the L5-S1 
interspace and the horizontal. The greater the base angle, the 
more pronounced the lumbar lordosis [6]. There is never a lumbar 
curve if the base angle was less than 18 degrees. Conversely, 
a rounded back has never been seen if the base angle was 
greater than 10 degrees [12].The idea of this study corresponds 
to the study by Kendall et al who said that the extent of the 
lumbar Lordotic curve and the degree of pelvic inclination in the 
standing position are associated with the muscle lengths of the 
sagittal-plane pelvic rotators and the performance (strength) of 
the abdominal muscles. Such assumed relationships are based 
on the anatomy of the muscles and their potential for action on 
the pelvis. The abdominal muscles tilt the pelvis posteriorly, and 
the lumbar erector spinae muscles tilt it anteriorly [13]. Thus, the 
lengths of the lumbar erector spinae and abdominal muscles, 
according to another theory, should also influence the size of 
the lumbar Lordotic curve and the degree of pelvic inclination 
in the standing position. For example, if the lumbar erector 
spinae muscles are shortened and the abdominal muscles are 
relatively lengthened, the degree of pelvic inclination and size 
of the lumbar lordosis would be expected to be greater than 
normal. Therefore, in a normal standing position, the degree 
of pelvic inclination is related to the lumbar curve, and both 
are related to the performance and length of the back and 
abdominal muscles [14]. During posterior pelvic tilting, both 
the lower fibers of the rectus abdominis and the gluteals work, 
and reduce lumbar lordosis due to posterior pelvic tilting. The 
anterior pelvic tilt is actually a quite normal postural position. 
However, excessive anterior pelvic tilting beyond the “normal” 
range is a result of weakness in the abdominal muscles and 
tightness in the iliopsoas [15]. Adopting a maximal anterior 
pelvic tilt increased lumbar lordosis by an average of10.8° 
and adopting a maximal posterior pelvic tilt decreased lumbar 
lordosis by an average of 9° in the standing position. Differences 
from Hyun Park’s study may be due to individual variables and 
the postures. The results of Levine’sstudy support the idea that 
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pelvic tilting affects lumbar lordosis [16]. 

Muscle weakness is reported to be a common symptom in 
children with cerebral palsy [17], and spinal deformity is 
highly prevalent in patients with neuromusculardisorders[1 8]. 
Furthermore, many of these children develop substantial 
pelvic obliquity, which leads to positionaldiscomfort, sitting 
intolerance, and complications such aspressure sores.Children 
with CP have poor trunk stability (weak core muscles) due to 
the low muscle tone of the trunk and proximal muscles and 
muscle weakness [6]. Since in children with cerebral palsy, 
the abdominal and back muscles are more affected due to 
the weakness of the abdominal muscle and tightness of the 
erector spinae and iliopsoas muscles, which affect the pelvic 
tilting and lumbar lordosis (increase pelvic tilting anteriorly, 
that increaseslordotic curve). 

According tothe study byJean-Luc Cle’mentet al (2013), the 
proximal part of lordosis depends on the thoracic kyphosis, and 
the distal part depends on the pelvic incidence [19]. Since the 
cervical, thoracic, and lumbar spinal regions are biomechanically 
related, any change in each arch might be due to the postural 
alteration in other arches [15]. According to some studies,with 
an increase in lordosis, thoracic kyphosis also increases; 
however, some studies (supporting our results) have indicated 
that an increase in lordosis is accompanied by a decrease in 
kyphosis [20, 21]. 

There was a significant moderate positive correlation between 
right anterior pelvic tilt and Lordotic Cobb angle (r = 0.314, p = 
0.01) and a significant weak positive correlation between left 
anterior pelvic tilt and Lordotic Cobb angle (r = 0.268, p = 0.03). 
However, there was a moderate negative significant correlation 
between right anterior pelvic tilt and kyphotic Cobb’s angle (r = 
-0.313, p = 0.01) and a significant weak negative correlation 
between left anterior pelvic tilt and kyphotic Cobb angle (r = 
-0.27, p = 0.03) (Table 3). Due to significant pelvic asymmetry, 
due to variations in pelvic morphology this is achieved by 
the ischial spine-pubic symphysis angle and the side-to-side 
difference in pelvic height. This latter finding is in agreement 
with Badii et al, who used radiographic techniques and defined 
a measure of innominate asymmetry. This makes anterior 
innominate rotation (asymmetrical anterior pelvic tilt) rotation 
between two sides of pelvis [22]. 

Regarding the relationship between thoracic kyphosis and 
lumbar lordosis, other studies [23] have shown a weak 
correlation between thoracic kyphosis and lumbar lordosis with. 
However, Yong [24] described a strong correlation between 
thoracic kyphosis and lumbar lordosis. In addition, Legaye J 
and Duval-Beaupere G (2005) have found a strong correlation 
between pelvic tilt angle and thoracic kyphosis and lumbar 
lordosis, assessing the onset of spinal deviation with pelvic 
evaluation (consistent with the results of our study) [25]. In 
conclusion, the normal anatomy of the lumbar curve is lordosis 
due to theanatomical position of the lumbar spine rested on 
the sacrum by a certain angle, and also the normal anatomy 
of the pelvis is anterior pelvic tilting. Since the lumbar curve 
is biomechanically related to the pelvic region, any movement 
of the pelvis affects lumbar curve. The extent of the lumbar 
lordotic curve and the degree of pelvic inclination in the 
standing position are associated with the muscle lengths of the 


sagittal-plane pelvic rotators and the performance (strength) 
of the abdominal muscles.The abdominal muscles tilt the pelvis 
posteriorly, whereas the lumbar erector spinae muscles tilt it 
anteriorly. When the erector spinae muscle is shortened and 
the abdominal muscle is weakened, this increasesthe anterior 
pelvic tilting and also lumbar lordosis. Since in children with 
cerebral palsy abdominal and back muscles (core muscles) are 
more affected, this affects the pelvic tilting and lumbar lordosis 
(increases pelvic tilting anteriorly, which increasesthe lordotic 
curve). Since cervical, thoracic, and lumbar spinal regions 
are biomechanically related, any change in each arch can be 
associated with the postural alteration in other arches. Thus, an 
increase in lumbar lordosis may also affect the thoracic curve 
and increase thoracic kyphosis. 

Conclusion: 

This study is important for children with cerebral palsy, when 
the core muscles are affected, ananterior pelvic tilt occurs 
which is most common, as this increases lumbar lordosis and 
may increase the thoracic curve (thoracic kyphosis).Therefore, 
correction of pelvic inclination by strengthening muscles 
around the pelvis, mainly pelvic extensors, and core stability 
exercises may decrease anterior pelvic tilt and decrease lumber 
lordosis. Thus these exercises should be integrated into the 
rehabilitation program for children with cerebral palsy, since 
there is a medium correlation between the pelvic inclination 
and lumbar lordosis. 
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